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Introduction
Agriculture is the largest land use in Kansas, accounting for approximately 88 percent of all Kansas land (National Agricultural Statistics Service, 2014) . Irrigated agricultural land is by far the largest use of water in Kansas, typically representing about 3 million acres in the State (Kenny and Juracek, 2013) . Kansas supports a variety of crops and consistently ranks in the top 10 nationally in wheat, grain sorghum, grain corn production, total acres irrigated, and total acres in cropland (Kansas Department of Agriculture, 2015) . Irrigation is most prevalent in western Kansas where average annual rainfall is less than 20 inches and sufficient groundwater can be pumped to compensate for the lack of precipitation (High Plains Regional Climate Center, 2015) . Groundwater-based irrigation water use is less in eastern Kansas, where precipitation is greater.
Kansas has two State agencies with responsibilities related to water-quantity planning: the Kansas Department of Agriculture, Division of Water Resources (DWR) and the Kansas Water Office. The DWR administers the Kansas Water Appropriation Act (Kansas Statutes Annotated § 82a-701 to 82a-726), which governs how water is allocated and used within the State through water rights and collects annual information on amounts of water used. The Kansas Water Office issues the State water plan, which is used to manage, conserve, and develop the water resources of the State. Data on irrigation water use have been published annually since the late 1980s and are a key component for the evaluation of conservation planning (Kansas Department of Agriculture, Division of Water Resources, 1989 Resources, -2012 .
Purpose and Scope
This report, prepared by the U.S. Geological Survey in cooperation with DWR with partial support from the State Water Plan Fund, presents reported water use, acres irrigated, and derivative statistics of 2013 irrigation water use in Kansas. Average application rates are calculated as a function of total irrigation withdrawals and total irrigated acres. Tabular statistics in this report are aggregated geographically by the Kansas irrigation water-use analysis regions ( fig. 1 ), Kansas regional planning areas ( fig. 2) , and all 105 counties in the State ( fig. 2 ).
Annual Irrigation Water-Use Reporting
A provision of the DWR's water appropriation program requires all irrigation water right owners to submit an annual water-use report on a paper form (an example is provided in the appendix). Data submitted on the water-use reports are stored in the DWR's Water Rights Information System (WRIS) (Kenny, 2014) . The WRIS is the primary record-keeping and reporting mechanism for water rights and water-use information. Information is reported by point of diversion (the point from which water was obtained) and includes the quantity of water diverted each calendar year, type of crops irrigated, number of acres irrigated, and type of irrigation system (Kansas Department of Agriculture, Division of Water Resources, 2015) . Each acre is counted only once regardless of the number of times it was irrigated or harvested. DWR staff send follow-up letters and make phone calls to obtain missing data and to confirm or correct anomalous data.
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Description of Irrigation Water-Use Statistics Calculated Application Rate
Water used for irrigation is often described in terms of application rate, which is the amount of water used per acre of land irrigated. Application rate is often expressed as acrefeet per acre. Irrigation application rates can vary from year to year and are affected by precipitation, soil permeability, temperature, wind, crop type, length of irrigation season, and irrigation system type (Perry, 2006) . Application rate is utilized in this report as a method of comparing irrigation water use intensity among regions and counties. Published statistics from the previous 4 years (2009-12) (Kansas Department of Agriculture, Division of Water Resources, 1989 Resources, -2012 are also shown with the 2013 statistics and are used to calculate a 5-year average for Kansas irrigation by regions and counties. Because 2013 is the first year that statistics have been computed for the regional planning areas, there are no statistics published from previous years with which to calculate a 5-year average. An overall Kansas average and regional averages also are calculated and presented. Although most of the irrigated lands in Kansas are in crops, some counties may have additional irrigation water use for golf courses, nurseries, and recreational areas.
Precipitation Data
Reported irrigation water withdrawals vary substantially from year to year as affected primarily by climatic fluctuations (Kenny and Juracek, 2013) . Historically, Kansas has experienced large year-to-year variations in precipitation. At the beginning of 2013, the entire State of Kansas was categorized to be in severe drought, and over one-third of the State was classified in exceptional drought conditions (U.S. Drought Monitor, 2014). The persistence of the drought resulted in record-low 7-day average discharge measurements at five U.S. Geological Survey streamflow-gaging stations with more than 30 years of record (Peters and Rasmussen, 2014) . By the end of 2013, there were no areas of extreme drought left in the State and only 33 percent were classified to be in any level of drought condition.
In this report, area-weighted statistical summarizations were performed on gridded precipitation data for 2013 annual total precipitation and the current 30-year climatic normal (based on 1981-2010) for the irrigation water-use analysis regions and regional planning areas in this report. Gridded precipitation data came from Oregon State University's Parameter-elevation Regressions on Independent Slopes Model (PRISM) (PRISM Climate Group, 2015) . PRISM is an analytical model that generates gridded estimates of annual precipitation from point data at National Weather Service climatological stations and a digital elevation model ( 
Tabular Statistics
Irrigation water-use statistics in this report are summarized by Kansas irrigation water-use analysis regions, Kansas regional planning areas, and the 105 counties within Kansas. Regional application rate averages for the years 2009, 2010, 2011, 2012, and 2013 , as well as the 5-year average, are provided in table 1 by water-use analysis region. The 2013 average annual precipitation and the 30-year normal precipitation, as well as the number of reporting and active points of diversion by water-use analysis region, are also shown on table 1. The application rate for the year 2013 is provided in table 2 for the 14 regional planning areas along with the acres irrigated, water used, 2013 average annual precipitation, 30-year average annual precipitation, and the number of reporting and active points of diversion. The information in table 3 is identical to table 1 but aggregated to the county level.
Metered and nonmetered statistics are provided in table 4 by water-use analysis region ( fig. 1 ). The instructions on the 2013 irrigation water-use report (see appendix for blank report) request that a beginning meter reading, an ending meter reading, a metered quantity, and the unit of measure be provided for water use if a water meter was installed. If a water meter had not been installed or the water meter did not work properly, then the irrigator is instructed to provide the number of hours pumped and the pumping rate for each point of diversion. In this report, it was assumed that all water is metered except where hours and pump rates are provided and meter trouble was not indicated on the report. The percent metered is computed and provided along with a count of the points of diversion reporting metered and nonmetered water use in 2013. The same statistics, aggregated by regional planning areas ( fig. 2) , are shown in table 5.
Application rates are further grouped by crop type. The instructions on the 2013 irrigation water-use report (see appendix for blank report) request that crops that were irrigated in 2013 be listed using the crop codes for each point of diversion. The crop codes are integer values for the following crops: alfalfa, corn, grain sorghum (milo), soybeans, wheat, oats, barley, rye, dry beans, sunflowers, golf course/ sports fields, truck farm, orchard, nursery, other, more than one type of crop, double crop, cotton, and grapes. The amount of water used, irrigated acres, and application rates for 2013 are provided in table 6 for alfalfa; corn; grain sorghum (milo); soybeans; wheat; combination of alfalfa, corn, grain sorghum, soybeans, or wheat; more than one type of crop specified; other; and those crops not specified on 2013 water-use report for the water-use analysis regions ( fig. 1 ). Because it is common to irrigate multiple crop types with single points of diversion during a 12-month period, many irrigators list more than one of the crop-code values on their water-use report. For tabular statistics purposes, when an irrigator specified combinations of alfalfa, corn, grain sorghum (milo), or soybeans on a point of diversion, they were combined under the column heading, "Combination alfalfa, corn, grain sorghum, soybeans, or wheat." When an irrigator specifies the code for "more than one type of crop" or "double crop" then the water used, irrigated acres, and application rates for 2013 are combined under the column heading "More than one type of crop specified" in table 6. The "Other" column in table 6 is a combination of the following crop types: oats, barley, rye, dry beans, sunflowers, golf course and (or) sports fields, truck farm, orchard, nursery, cotton, grapes, or other. Any water-use report where the crop code was left blank is listed under the column heading "not specified on 2013 water-use report." The same statistics, aggregated by regional planning area ( fig. 2) and county, respectively, are shown in tables 7 and 8. Water use by irrigation method for 2013 is summarized by water-use analysis region ( fig. 1) in table 9 . The instructions on the 2013 irrigation water-use report (see appendix for blank report) request that a code be entered for the type of irrigation system used by each point of diversion in 2013. The irrigation system codes are integer values for the following system types: center pivot with drop nozzles; center pivot sprinkler; center pivot and flood; flood; drip (subsurface irrigation); drip and other system; sprinkler other than center pivot; and other. The "Subsurface drip, and combination of drip and other system" column in table 9 is a combination of (1) the drip (subsurface irrigation) system type and (2) drip and other system types. The 2013 water use by irrigation method by regional planning area ( fig. 2) 
Surface-Water Ditch Companies and Irrigation Districts
A number of private ditch companies with irrigation water rights are in the southwest part of Kansas in the counties of Hamilton, Finney, and Kearny. Irrigation districts with water rights are in the north-central part of Kansas in Cloud, Jewell, Mitchell, Norton, Osborne, Ottawa, Phillips, Republic, Rooks, and Smith Counties. Reports filed by these systems contain total water use and total acres irrigated and are tabled separately from the other water rights because the amount of water applied to irrigated acres cannot be accurately associated with the point of diversion (table 12) . Frequently, these acres are irrigated by both ditch water and individual water rights; therefore, the number of acres listed in table 12 should not be combined with the State totals.
Summary
This report documents 2013 irrigation water use in Kansas. The tables provided in this report were prepared using self-reported data from irrigation reports filed for the year 2013 with the Kansas Department of Agriculture, Division of Water Resources. The published regional and county-level statistics from the previous 4 years are shown with the 2013 statistics and are used to calculate a 5-year average. An overall Kansas average and regional averages also are calculated and presented. Total reported irrigation water use in 2013 was 3.3 million acre-feet of water applied to 3.0 million irrigated acres. 
